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�p + p���π+,π-   

π0  γ+γ 

CO γ-ray 

 !Temperature!~10K,!Mass!~10426Msolar,!density!~1022103!cm23!
 !Some!GMCs!close!to!the!solar!system!(Orion,!etc)!!
 !Emission/absorpGon!mechanism!

• !rota&onal!transi&on!of!molecule!��microwaves!
• !ex&nc&on/emission!by!dust!��op&cal,!infrared!
• !interacGon!with!CR!��gamma2ray�

Gamma2ray!emissivity!does!not!depend!on!the!gas!
temperature,!phase,!etc.!

!Study!of!CR!spectrum!and!maNer!distribuGon!by!
gamma2rays�

Study!of!CR!and!ma<er!
distribu&on!limited!by!sensi&vity!
and!angular!resolu&on.!

 Digel et al. (1999)�

H2!(main!component!of!
molecular!gas)!is!not!
detectable!in!emission!in!
interstellar!condiGons�

ObservaGon!by!EGRET!(in!90’)!!
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Fermi!Gamma2ray!Space!Telescope!(2008C)!enables!studying!the!
diffuse!gammaCray!emission!with!unprecedented!sensi&vity.!

Detect!gammaCrays!from!small!GMCs!(M!<104!Msolar)!
!We!can!study!CR!and!maNer!distribuGon!in!wide2ranging!!
samples.!

 !Cosmic*rays*
local!interstellar!CR!densi&es!and!spectra!

 !Ma.er*distribu3on*
• !Molecular!mass!calibra&on!ra&o!!(Xco!=!N(H2)/WCO)!
• !How!is!the!gas!not!traced!by!HI!and!CO!surveys!(“dark!gas”)!
spread?!

Reveal!the!CR!and!maNer!distribuGon!in!the!vicinity!of!the!solar!
system!(<~300pc).�
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High!laGtude!posiGon!!
!Largely!free!from!confusion!with!the!strong!emission!from!the!GalacGc!plane!

R!CrA!
• �d!=!~150!pc!
• �M!=!~3x103!Msolar!

��Dame!et!al.!1987���

Chamaeleon!
• �d!=!~215!pc!
• �M!=!~1.0x104!Msolar!

��Dame!et!al.!1987��

30!deg�

230!deg�

0!deg�

2.6!mm!CO!map!(Dame!et!al.!2001)�

Cepheus!&!Polaris!
• �d!=!~300!pc!
• �M!=!~4.2x104!Msolar!

��Abdo!et!al.!2010���
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Chamaeleon! R!CrA!�

Cepheus!&!Polaris!!
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Prepare!template!gas!maps!(HI,!CO!and!dark!gas)!for!each!region!
 !N(HI):!LAB!survey!by!Kalberla!et!al.!(2005)!

• !HI!opGcal!depth!correcGon;!spin!temperature!(Ts)!=!125!K!
• !We!examined!maps!with!Ts!=!(100K!and!opGcally2thin!approximaGon)!!
evaluate!the!systemaGc!uncertainty!

 !WCO:!composite!survey!by!Dame!et!al.!(2001)!
 !dark!gas!(Avres):!Derived!from!visual!exGncGon!(Av)!map!

• !Fibng!with!a!linear!combinaGon!of!the!N(HI)!and!Wco!maps!
• *Avres!traces!the!gas!that!HI!and!CO!collecGvely!do!not!!

Gas!maps!for!the!Chamaeleon!region�

N(HI)!� WCO� Avres�

!Different!spaGal!structures!!!
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Fit!the!γ2ray!data!and!obtained!each!gas!emissivity!(qHI,!qCO!and!qAvres)!!

 IC!model!(GALPROP!model)!:!the!normaliza&on!is!fi<ed!
SystemaGc!uncertainty!is!examined!by!using!several!IC!models!�

 Isotropic!component!(Extra!galacGc!diffuse!+!BGD)!:!fixed!!
SystemaGc!uncertainty!is!examined!by!changing!the!intensity!+/210%!

 Point!sources:!1FGL!catalog!(TS>50)�

•  local (~<300 pc) 
•  the rest�

 !8!logarithmically!spaced!energy!bins!(250MeV2210GeV)!
 !Assuming!that!gas!components!are!separable 
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HI!emissivity� CO!emissivity�

Avres!emissivity�
 !Shaded!region:!combined!systemaGc!
uncertainty!(~20%)!due!to!the!spin!
temperature,!isotropic!component,!and!IC!
model.!
 !SystemaGc!uncertainGes!of!the!CO!and!
Avres!emissivity!spectra!are!smaller!than!the!
staGsGcal!error!even!if!we!take!account!of!the!
systemaGc!uncertainGes!described!above.!

Ts!=!125!K�
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Compare!the!HI!emissivity!spectra!of!each!region!with!the!LIS!model!!
 !LIS!model:!calculated!from!observed!local!interstellar!spectrum!assuming!
different!nuclear!enhancement!factors!(εM))!
 !Spectral!shapes!are!similar!among!them.!
 !EmissiviGes!differ!by!~20%!even!if!!we!consider!the!systemaGc!uncertainGes.!!
 Small!(~20%)!variaGon!in!local!interstellar!CR!densiGes!(if!we!assume!uniform!CR!
composiGon)�!!
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 !LAT!data!suggest!a!variaGon!of!XCO!
close!to!the!solar!system.!

XCO!(x1020cm22(K!km!s21)!21)� XAvres!(x1022cm22mag21)�

Chamaeleon� 0.96±0.06(stat)±0.13(sys)� 0.22±0.01(stat)±0.04(sys)�
R!CrA� 0.99±0.08(stat)±0.14(sys)� 0.21±0.01(stat)±0.01(sys)�

Cepheus!&!Polaris� 0.63±0.02(stat)±0.06(sys)� 0.14±0.01(stat)±0.02(sys)�

 !RelaGon!between!the!qHI!and!qAvres!
(XAvres)!is!also!calculated.!
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 !Our!esGmates!of!MCO!for!the!Chamaeleon!and!R!CrA!regions!are!~1/2!of!those!
Dame!et!al.!(1987)!!

Our!total!mass!esGmate!(MCO!+!MAvres)!~!MCO!by!Dame!et!al.!(1987)!!
 !Dark!gas!mass!esGmated!to!be!comparable!to!or!greater!than!gas!mass!traced!
by!CO.!!!!

• !μ=1.36!;mean!atomic!weight!per!HCatom!
• !mH;!mass!of!the!HCatom!
• !d;!distance!to!the!cloud!

Chamaeleon� R!CrA� Cepheus!&!Polaris�

MCO!
(Msolar)�

This!work� ~5x103� ~103� ~3.3x104�

Earlier!works� ~1x104!*� ~3x103!*!� ~4.2x104!**!

MAvres!
(Msolar)�

~2.0x104� ~103� ~1.3x104�

Gas!mass!traced!by!CO!and!Avres!is!calculated!from!the!XCO!and!XAvres!

*Dame!et!al.!(1987);!XCO=!2.7x1020! **Abdo!et!al.!(2010);!XCO!=!0.87x1020�

cmC2(K!km!sC1)C1!�!cmC2(K!km!sC1)C1!�
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 !We!have!studied!the!interstellar!γ2ray!emission!from!the!molecular!clouds!of!
Chamaeleon,!R!CrA!!and!Cepheus!&!Polaris!regions!close!to!the!solar!system!using!
Fermi*LAT!data.!
 !We!compared!obtained!γ2ray!emissivity!spectra!among!the!regions!and!the!LIS!
model,!and!obtained!XCO!values.!!

 !Small!(~!20%)!variaGon!in!local!interstellar!CR!densiGes!
(assuming!the!uniform!CR!composiGon)!
!VariaGon!of!XCO!close!to!the!solar!system.!Dark!gas!mass!esGmated!to!be!
comparable!to!or!greater!than!gas!mass!traced!by!CO.!

To!Do:!!
 !Further!invesGgaGon!of!the!systemaGc!uncertainty!

Effects!by!the!assumpGon!that!gas!structures!are!separable!!
 !Test!by!varying!XCO!and!gas2to2dust!raGo!(Avres!map)!in!ROI!

 !InvesGgate!potenGal!causes!of!the!emissivity!differences!!
e.g.,!relaGon!with!an!evoluGonary!process!of!the!Gould!Belt!
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LAT 

GBM 

 !Launched!on!June!11,!2008!
 !Two!instruments:!

• !Large!Area!Telescope!(LAT)!
e+/e2!pair2conversion!!
with!silicon!detectors!!!
• !Gamma2ray!Burst!Monitor!(GBM)�

CGRO2EGRET� Fermi2LAT�

Energy!range� 20!MeV!–!30!GeV� 20!MeV!–!>300!GeV�

EffecGve!area� 1500!cm2� >8000!cm2!�

PSF!(68%)!@!1GeV� 1.7!deg� 0.8!deg�

Field!of!view� 0.5!str� 2.4!str�

Detected!sources!(>5σ)� 271!(9!years)� 1873!(2!years)�
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Goodman et al. 2009�

 !Some!fracGon!of!gas!is!
not!detectable!by!21!cm!
line!(atomic!hydrogen)!and!
CO!line!(e,g.,!Grenier!et!al.!
2005,!Goodman!et!al.!2009)!

 !We!esGmated!their!
contribuGon!from!the!
emission!of!dust.�
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Cepheus!&!Polaris!region�

N(HI)!� WCO� Avres�

R!CrA!region�
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Chamaeleon� R!CrA�

Cepheus!&!Polaris�

 !No!conspicuous!structures!!Our!
model!reasonably!reproduces!the!data,!
parGcularly!the!diffuse!emission.!
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Chamaeleon� R!CrA�

Cepheus!&!Polaris�
 !γ2ray!emissivity!spectra!with!(Ts)!=!125!K.!
 !The!combined!systemaGc!uncertainty!
due!to!the!spin!temperature,!isotropic!
component,!and!IC!model!is!~20%.!
 !SystemaGc!uncertainty!of!the!effecGve!
area!does!not!affect!the!relaGve!value!of!
emissiviGes!among!three!regions.!
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Emissivity!of!HI!gas!
 !CR!density!�

• !emissivity!of!H2!gas!(in!
unit!of!WCO)!!
• !emissivity!of!H2!is!
2×emissivity!of!HI!

Gamma2ray!flux�


